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Introduction
Colorectal cancer (CRC) is one of the most common malignancies and a leading cause of cancer deaths worldwide. Increased incidence of CRC has also been observed in recent years, likely due to associated changes in diet and environment. Despite achievements in the treatment in the few past decades, CRC remains a major public health concern. The enhanced drug resistance and the side effects resulting from the application of traditional radiotherapy and chemotherapy is therefore a major problem in the treatment of CRC [1] [2] [3] . Thus, there is an urgent need to explore effective anti-tumor drug candidates with fewer side effects for the treatment of CRC. Interestingly, epidemiologic studies have showed that Asians have a lower incidence of gastrointestinal cancer including CRC, presumably due to higher amounts of phytoestrogen-rich soy diet in Asians [4, 5] . These findings demonstrate that the phytoestrogen constituents of soy possess anticarcinogenic properties and reduce the incidence of colorectal neoplasias.
Genistein (49,5,7-Trihydroxyisoflavone), a major phytoestrogen constituent of soybeans and soy products, has been shown to exhibit inhibition effects on a variety of malignancies such as CRC [6] , prostate cancer [7] , breast cancer [8] , and lung cancer [9] . Genistein is a protein tyrosine kinase inhibitor and affects cell proliferation, apoptosis, tumor angiogenesis, metastasis and attenuates multidrug resistance through the regulation of key components of signal transduction pathways such as Akt [8] , SGK1 [10] , EGFR [11] , and MAPK [12] . Akt, also known as protein kinase B (PKB), is a serine/threonine kinase and a major downstream effector of phosphatidylinositide-3-kinase (PI3K). Aberrant activation of Akt is associated with the development and progression of many human cancers, including CRC [13] . Previous study has shown that genistein inhibits human colon cancer cell Caco2 migration, accompanied with decrease of Akt phosphorylation, suggesting that suppression of the Akt signaling pathway may involved in the anti-tumor effects of genistein in CRC [14] . In addition, other tumor-related factors, such as FLT4 [6] , estrogen receptor (ER) β [15] , and EGFR [16] have also been demostreated to participate in the anti-proliferation and apoptosis-induced effects of genistein on CRC. However, the roles and potential mechanisms of genistein in CRC are still largely unknown.
Moreover, recent analysises suggest that genistein suppresses the growth of several cancer cell lines in vitro and in vivo by reducing the expression of several oncogenic microRNAs (miRNAs) [7, [17] [18] [19] [20] . miRNAs are endogenous, non-coding small RNAs, approximately 18-25 nucleotide molecules that negatively regulate the expression of a wide variety of genes by complementary binding to the mRNA 3'-untranslated regions (3' UTR) in a sequence-specific manner, resulting in cleavage or translational repression of the target mRNA. Increasing evidence shows that miRNAs play an important part in many biological processes, such as development, differentiation, proliferation, apoptosis, angiogenesis and metabolism. They are key regulators in many diseases including cancer [21, 22] . miR-95 was reported to be frequently up-regulated in CRC and might act as an important oncogene in tumor glowth, invasion, and metastasis [23] . The effects of genistein on the regulation of several miRNAs have been reported. However, the effects of genistein on miR-95 have not been known.
Therefore in this study we investigate the anti-tumor effects of genistein on CRC in vitro and in vivo, and to explore the underlying mechanisms involved in the biological actions of genistein.
Materials and Methods

Cell culture and genistein treatment
The human CRC cell line HCT-116 was obtained from Shanghai Institute of Cell Biology (the Chinese Academy of Sciences, Shanghai, China). Cells were cultured in RPMI-1640 (Gibco, USA) supplemented with 10% fetal bovine serum (Hyclone Co. Ltd, USA), 100 U/mL penicillin, 100 μg/mL streptomycin, and kept at 37˚C in a humidified 5% CO 2 incubator. The cells (60%-70% confluent) were treated with genistein (Sigma, USA) dissolved in dimethylsulfoxide (DMSO) and cells treated with vehicle (DMSO) served as control. All cells were starved with low-serum medium (contain 0.5% CS-FBS) for 24 h before the experiments.
Cell proliferation assay
Effect of genistein on proliferation was assessed with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. In brief, HCT-116 cells were plated at a density of 4×10 3 cells/well into 96-well plates. After 24 h incubation, cells were treated with genistein at different final concentrations (0, 5, 10, 20, 40, 60, 80, 100 µM) for 48 h. At the end of treatment, 20 μl MTT (5 mg/ml) was added to each well and incubated for additional 4 h. Then the medium was removed, and 150 μl DMSO was added to each well to dissolve the sediment. The optical density (OD) for each well was measured using a microplate reader (Bio-Rad, USA) after shaken for 10 min at a wavelength of 570 nm. The 50% inhibitory concentration (IC 50 ) of the 48 h was calculated with the Bliss method.
Flow Cytometry
The cell apoptosis was evaluated by flow cytometry analysis. After being incubated with various concentrations of genistein (25, 50, 100 µM) for 48 h, cells were harvested and dual stained with Annexin V-FITC and propidium iodide (PI) using an Apoptosis Detection Kit (KaiJi, China) following the the manufacturer's protocol. Stained cells were immediately analysed by the flow cytometry (Becton Dickinson, USA). Viable cells are primarily Annexin V-FITC and PI negative, PI positive staining indicates necrosis, and only cells that stained with annexinV were considered to undergo early-stage apoptosis.
RNA isolation and real-time PCR
Total RNA was isolated from cultured cells after stimulation with genistein for 48 h using Trizol reagent (Invitrogen, USA) according to manufacturer's instructions. Then, cDNA synthesis was performed using the RevertAid TM First Strand cDNA Synthesis Kit (Fermentas, USA). For detection of miR-95 expression, stemloop RT-PCR was performed. Then, the expressions of miR-95, Akt, and SGK1 were measured by real-time PCR using SYBR Premix Ex Taq™ (Takara, Japan) according to the manufacturer's protocol. U6 small nuclear RNA (U6) and Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene were served as the internal reference. The relative expression was calculated using the 2 -ΔΔCt method.
Western blot analysis After treated with different concentrations of genistein for 48h, the cells were harvested with ice-cold PBS and lysed on ice in lysis buffer for 30min. The lysates were centrifuged 12,000 rpm for 10 min, and the resulting supernatants were determined by Bio-Rad assay kit using bovine serum albumin as the standard. Equal amounts of proteins were electrophosed by SDS-PAGE gels and subsequently transferred to PVDF membranes (Bio-Rad laboratories, USA). Membranes were blocked with 5% nonfat dried milk in TBST (Tris-buffered solution, pH 7.6, 0.05% Tween 20) and then incubated with primary antibodies specific for T-Akt (1:1000), p-Akt (1:1000 dilution, Santa Cruz Biotechnology, Germany), at room temperature for 2h. After three washes, the blots were subsequently incubated with appropriate secondary antibodies (1:2000) coupled to horseradish peroxidase at room temperature for 1h, and developed in the ECL Western detection reagents (Beyotime, China). Band density was quantified using the software program Bio-Rad Quantity One v4.62.
In vivo anti-tumor activity Forty 4-5 week-old female nude mice were purchased from the Experimental Animal Center of Guangxi Medical University. Then the mice were inoculated with HCT-116 cell suspension (1×10 7 /mL), 0.2 mL per mouse, through subcutaneous injection to the right side axilla.
Ten days after the tumor cell inoculation, the mice were randomly divided in to four groups of ten mice. Mice in three genistein groups were given 20, 50, 80 mg/kg genistein dissolved in 0.1% DMSO solution through intraperitoneal injection, and the vehicle control group was injected with an equal volume of 0.1% DMSO solution daily for 2 weeks. The tumor volume (V) was measured every other day, and calculated according to the formula: V(mm
Results
Genistein inhibits proliferation of HCT-116 cells
In order to evaluate the anti-proliferative effects of genistein in the HCT-116 cells, the cells were treated with increasing concentrations of genistein for 48 hours, and the cell viability was determined by MTT assay. Results show that genistein dose-dependently significantly inhibited the proliferation of HCT-116 cells (Fig. 1) . And the IC 50 value for genistein at 48 h was 39.43 μM.
Genistein induces apoptosis in HCT-116 cells
After 48 h incubation of HCT-116 cells with different concentrations of genistein, flow cytometric analysis was performed to determine whether genistein can induce apoptosis in CRC cells. As shown in Fig. 2 , the cells in negative control group showed 10.03% apoptosis rate. However, after treatment with genistein (25, 50, and 100 μM) for 48 h, the apoptosis percentage increased to 18.47% (p＜0.05), 34.97% (p＜0.01), and 63.2% (p＜0.01). These data indicated that genistein could induce apoptosis of HCT-116 cells in a dose-dependent manner.
Genistein regulates the expression of miR-95, Akt and SGK1 mRNA
To explore which molecular mechanisms are involved in the ati-tumor effects of genistein on CRC, the expressions of miR-95, Akt and SGK1 mRNA were detected by real time-PCR. As shown in Figure 3 , the levels of miR-95, Akt and SGK1 mRNA expression were significantly down-regulated after incubation with genistein for 48 h, especially in the 50 and 100 μM (p<0.01) genistein-treated group as compared with untreated cells.
Genistein decreases the phosphorylation of Akt
To assess whether genistein inhibits cell proliferation and induces cell apoptosis through PI3K/Akt pathway, we determined the phosphorylation of Akt in genistein-treated HCT-116 cells by western blot analysis. Compared with the untreated control, genistein significantly decreased the phosphorylation of Akt (Fig. 4) . 
Cellular Physiology and Biochemistry
Genistein suppresses the growth of CRC in vivo
To determine whether genistein could have an anti-tumor effect on CRC in vivo, we utilized a xenograft model of HCT-116 cells in nude mice. The growth curve of transplanted tumor showed that genistein significantly suppressed tumor growth in a dose-and timedependent manner (Fig. 5A) . And the average tumor weights in genistein-treated mice were 77.56%, 57.82% and 41.50% of that in control animals (P <0.05) (Fig. 5B) . The results showed that genistein remarkably suppressed the transplanted CRC tumor volume and weight in vivo.
Discussion and Conclusion
Genistein, the main component of isoflavones, have been shown to regulate cancer cell proliferation, invasion, angiogenesis and metastasis by targeting several genes and signaling pathways. Such as, Tian et al. found that genistein exerted multiple anti-tumor effects to suppress proliferation, induce cell cycle arrest, and trigger apoptosis in H446 small-cell lung cancer (SCLC) cell line at least partly mediated by the down-regulation of FoxM1 [9] . Genistein has also been reported to inhibit invasion and metastasis of human cervical cancer cells HeLa by modulation of MMP-9 and TIMP-1 [24] . Similarly, in CRC, genistein also exhibited a potentially cancer-protective ability in the tumor development and progression. Xiao at al found that genistein could inhibit human CRC cell proliferation invasion and migration at non-cytotoxic concentrations by reducing FLT4. And oral genistein could also inhibit distant metastasis formation and suppressed neo-angiogenesis in transplanted tumors [6] . In addition, it has been reported that the anti-tumor effects of genistein on CRC also involved with suppression WNT, NF-κB cell Signaling pathway, and modulation of apoptotic gene Bcl-2, Box, EGFR, and ROS [16, [25] [26] [27] . Those findings suggested that genistein possesses effectively anti-cancer effects on CRC without any visible toxicity through the regulation of several signaling pathways. In the present study, we detected the biological effects of genistein in CRC. Consistent with previous results, genistein markedly inhibited cell proliferation and induced apoptosis of HCT-116 cells in a dose-dependent manner. Furthermore, we also found that genistein dramatically suppressed the growth of mouse xenograft tumor in vivo.
Activation of the PI3K/Akt pathway has been widely reported to promote cell survival by inhibiting apoptosis. Akt, a major component of the PI3K/Akt pathway, acts as a signal transducer of PI3K. Akt activation depends on its phosphorylation at T308 within its catalytic domain by phosphoinositol-dependent kinase 1 (PDK1) and at S473. Subsequently, its activation stimulates apoptosis, cell cycle progression, survival and metabolism through the phosphorylation of many substrates, such as GSK3, BAX, and mTOR [13] . Moreover, the SGK1 is a recently identified member of the AGC family of serine/threonine kinases, which shares 50% similarity in its aminoacid sequence with other members of the family such as Akt/PKB, PKA and PKC-zeta. It has been found that SGK1 could be regulated by a variety of signaling pathways including PKC, MAPK, and calcium, and enhances survival, invasiveness, motility, epithelial to mesenchymal transition (EMT) and adhesiveness of tumour cells through several kinases and transcription factors [28] . In the latest study, Chen et al. demonstrated that genistein inhibited breast cancer cell growth through inactivation of the PI3K/Akt signaling pathway [8] . Similarly, SGK1 induction was also found to be sensitive to the tyrosine kinase inhibitor genistein [10] . Meanwhile, the activation of PI3K/Akt pathway and SGK1 has been indicated to be significantly associated with CRC development and progression [13, 29] . It suggested that modulation of Akt and SGK1 expression may be involved in the anti-tumor effects of genistein on CRC. Therefore, we analyzed the mRNA expression of Akt and SGK1, and phosphorylation of Akt in genistein-treated HCT-116 cells. As expected, the results showed that genistein down-regulated Akt and SGK1 mRNA expression, and inhibited phosphorylation of Akt. miRNAs, which were aberrant expression in numerous malignant tumors, have been recognized as tumor suppressors or oncogenes, and regulate numerous important cancerrelated genes [21, 22] . In CRC, miR-95 has been shown to be frequently up-regulated in tumor tissues, and function as an oncogene involved in cell proliferation and apoptosis [23] . According to recent reports, miRNAs might also participate in the pleiotropic biological effects of genistein. Such as, Xu at al found that expression of miR-27a was higher in human ovarian cancer, while genistein could block ovarian cancer cell growth and migration by suppressing oncogenic miR-27a [18] . Zaman at al. observed that genistein inhibited the expression of miR-21 in kidney cancer cells A-498 and in the tumors formed after injecting genistein treated A-498 cells in nude mice along with inhibiting tumor formation [19] . Similarly, Chiyomaru at al also demonstrated that genistein suppressed prostate cancer cell proliferation, migration and invasion through inhibition of oncogenic miR-151 [7] . The tumor suppressor microRNA-574-3p in prostate cancer has shown to be up-regulated by genistein [20] . However, the effect of genistein on the regulation of oncogenic miR-95 has not been reported. In this study, we showed that genistein treatment significantly downregulated the relative expression level of miR-95. This is the first report to investigate the influence of genistein on miR-95 expression.
In conclusion, our results show that genistein has a significant inhibitory effect on CRC both in vitro and in vivo. Moreover, the current study suggested that down-regulation of oncogenic miR-95, Akt and SGK1, and inhibition of phosphorylation of Akt might be associated with the anti-tumor effects of genistein in CRC. Therefore, these findings help us
